I. INTRODUCTION
This paper sets out a three-country macroeconomic model covering Portugal, the remaining euro area (REA) and the rest of the world (RoW). It is based on the canonical quarterly projection model (QPM) developed by Berg et al (2006) , but extended to cover three, rather than two, countries. This extension is critical for modelling the dynamics of external shocks to Portugal -a small open-economy without an independent monetary policy. This paper shows the importance of identifying both the type and origin of shocks for understanding the economic impact to the Portuguese economy.
The paper does not claim to be at the frontier of the literature. It attempts, instead, to act as a workhorse tool that can easily be modified for different functions and be replicated by other users. It is primarily designed to help guide medium-term forecasts, run simulations and undertake policy analysis. This initiative is similar to Jakab et al (2015) which extends the Fund's Global Projection Model (GPM) to include Germany, France, Italy, and Spain. But the model is simpler and more tractable; and is designed to be easily adapted for use in other small euro area economies, like Portugal. It cannot match the detail of models such as the Banco de Portugal's PESSOA model (Almeida et al, 2013) ; but relative to this model, it does have a richer description of the external sector. The closest model to the one presented here is by Maria (2016) . This is a two-country (Portugal and euro area) semi-structural model, with a similar construction to the one presented here, but with more focus on the relationship between output and unemployment (Okun's Law). Many of the stylized facts presented here match those presented in Maria (2016) .
The model is built around four main behavioral equations -i) an open-economy IS curve that governs output gap dynamics, and is unique to each of the three countries; ii) a Phillips Curve that drives inflation, and is also unique to each country; iii) a monetary policy reaction function that drives policy rates for the euro area and the RoW, and; iv) a single exchange rate equation linking the euro area to the RoW.
Separate monetary policy rule
Monetary policy set at the euro area level The next section explains in more detail the structure of the model, defining the equations and shocks, the input data, and the estimation procedure. This is followed by an exploration of the model's properties -impulse response functions (IRFs), the latent variables in the model, a historical decomposition of shock to hit Portugal, some discussion on unconventional monetary policies (UMPs) and in-sample forecasting performance. Finally, a short conclusion includes possible avenues for future work.
II. MODEL STRUCTURE
Output and inflation for each country is driven by standard IS and Phillips curves. Monetary policy is determined at the euro area level, and there is only one exchange rate -that of the euro area vis-à-vis the RoW. Each of these equations are summarized in turn.
IS Curve
Output is determined by an open-economy IS curve. The output gap of country 'i' ( ) is the log difference between actual and potential real GDP, and is driven by its lag and several domestic and external real variables:
where:
 is the real interest rate 2 and * is the natural interest rate -the 'gap' between the two determining monetary conditions in the economy;
 and are the output gaps of the two other countries, j and k respectively -this captures the impact of external demand;
 is the real exchange rate (a higher value is a more depreciated rate) and * is the equilibrium real exchange rate -the gap between the two capturing external price competitiveness;
 is the change in the structural primary balance, which captures the fiscal stance of the government, and;
 is a financial stress index, which helps capture the impact of changing domestic lending conditions. The latter two variables are only included in the IS curve for Portugal; and are exogenous and follow a first-order autoregressive process:
While the nominal interest and exchange rates are common to the euro area, the real interest and exchange rates gaps will be different for Portugal and the REA. This is because the rates of inflation may be different for each country, affecting and ; and the equilibrium rates - * and * -may also be different.
Phillips Curve
Inflation (log difference of the price level) for country i ( ) is based on expected and lagged inflation, and is influenced by a real marginal cost factor ( ):
The is determined by a weighted average of the output gap and exchange rate gap, both of which have a positive effect on prices. Stronger activity i.e. a positive output gap, will push up prices; while a depreciate exchange rate (positive exchange rate gap) will increase import prices and hence prices more generally.
Monetary Policy
Monetary policy has the following reaction function:
where is the nominal interest rate and * is the inflation target for either the RoW or the euro area as a whole. For euro area, the natural interest rate ( * ), inflation ( ) and the output gap ( ) is the weighted average of those for Portugal (2 percent) and the REA (98 percent).
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Exchange rate
There is one exchange rate in the model that links the euro area to the RoW. It is based on an uncovered interest parity condition, but with forward and backward-looking elements, which introduce some persistence in the evolution of the exchange rate:
where is the log of the nominal effective exchange rate (NEER) of the euro vis-à-vis the RoW (a higher value indicates a more depreciated exchange rate). The real exchange rate is defined as:
where is the log of the price level for country i and is the traded-weighted log of the price level of the other two countries in the model. Even though there is one nominal exchange rate, each country will have a different domestic price level and different trading partners, which means that the real exchange rate is unique to each country.
Steady-state conditions
Potential growth ( ), the natural interest rate ( * ) and the equilibrium exchange rate ( * ) are governed as follows:
Each can persistently deviate from their steady-state values -, , and , respectively.
Data
Quarterly data for real GDP and the core price level for Portugal and the euro area are taken from the IMF WEO database. Real GDP and the price level for the RoW is constructed using data from the IMF's GPM database (Carabenciov et al, 2013) , which covers 85 percent of global economic output. The NEER is taken from Eurostat's estimate for 42 trading partners.
The nominal interest rate for the euro area is the ECB's Main Refinancing Operations (MRO) rate, and the nominal interest rate for the RoW is constructed from the GPM database. The change in the structural primary balance is calculated using elasticities and 'one-offs'
©International Monetary Fund. Not for Redistribution estimated by the European Commission. 3 And the financial stress index is taken from Pedro Braga et al (2014) . In this model, potential output and therefore the output gap is treated as an 'observed variable' i.e. is not estimated within the model. In the case of Portugal and the REA, WEO estimates are used; while for the RoW, it is taken from the GPM database.
Estimation
Given the substantial number of parameters in this model (53) Table 1 and Figure 1 .
Consistent with the REA, the persistence of the output gap ( ) in Portugal is higher than that of the RoW, likely because of greater nominal rigidities in labor and product markets. To ensure model convergence, a tight prior is applied to parameter linking the interest rate gap to economic activity ( ), which is assumed to be close to that of the REA. Despite having broadly similar trade weights, Portugal is more sensitive changes in the output gap in in the REA ( ) than the RoW ( ), although this may be because the estimation is also picking up common shocks, especially during the euro area crisis. Inflation in Portugal is more backward looking ( ) than the RoW, although is less so than in the REA. The REER gap
(1 − ) plays an important role in driving inflation in Portugal. And the overall sensitivity of inflation to real marginal costs ( ) is also relatively high.
III. MODEL PROPERTIES

Impulse Response Functions
With these parameter estimates, IRFs can be constructed to explore the dynamics of the model. To illustrate these properties, this section will focus on three scenarios, each involving a negative demand shock originating in one of the three countries and examining the impact on Portugal. The first shock involves a domestic demand shock ( , in equation 1) i.e. the shock only hits Portugal. The results are illustrated in Figure 2 . The first thing to note is that the nominal interest and exchange rates are essentially unchanged. These variables are influenced by changes to euro area aggregates (equations 5 and 6), and Portugal is too small to influence these significantly. All the adjustment, therefore, must come internally. As the output gap widens, inflation declines, which has the effect of initially raising the real interest rate, putting further downward pressure on demand. However, the fall in inflation improves price competitiveness and the real exchange rate initially depreciates, which acts to close the output gap. The absence of a monetary policy response means that of the three scenarios explored, this one exbibits the most persistent negative output gap, lasting 8 quarters. Weaker inflation is eventually followed by higher-than-trend inflation, as prices go back to their preshock levels i.e. the competitiveness gain is temporary. Given that inflation temporary runs higher (around 6-quarters after the shock), the interest rate gap becomes temporarily accommodative. Figure 3 shows the IRFs for a demand shock that hits the REA -an external shock to
Portugal. The shock is calibrated such that the initial impact on output in Portugal is identical to the previous simulation. As such, the implied demand shock to the REA is around three times as large (the output gap in the REA peaks at 3 percent of potential output). In this scenario, monetary policy reacts, and the nominal and real interest rate fall, supporting demand. Compared to the previous scenario, output returns to potential two quarters sooner, and is followed by a positive output gap as the monetary stimulus from the euro area persists.
Inflation remains persistently weak in both Portugal and the REA. The nominal exchange rate depreciates as the euro area nominal interest rate falls relative to the RoW, but given the forward-looking nature of the UIP condition, it more quickly returns to equilibrium. The impact on the real exchange rate is more persistent, however, as the price level in Portugal remains persistently high relative to the REA.
The third scenario (Figure 4 ) considers a demand shock to the RoW. Again, this is calibrated such that the impact on Portugal is the same as the previous two scenarios (the output gap in the RoW peaks at nearly 5 percent). The first thing to note is the muted impact on the ©International Monetary Fund. Not for Redistribution nominal exchange rate. This is because nominal interest rates fall by similar amounts in both the euro area and RoW, which may seem odd given that the shock occurs in the RoW.
However, as the persistence of output and inflation in the RoW is less than euro area, the recovery is faster; this and the fact that the monetary policy reaction function in the RoW is calibrated to put less weight on fighting inflation, the fall in the nominal interest rate in the RoW roughly matches that of the euro area. The output gap closes within a similar timeframe to scenario 2 as a result to the accommodative monetary policy stance, and the inflation shock is less persistent.
Latent variables
There are three latent variables in this modelpotential output ( ), the natural interest rate ( * ) and the equilibrium exchange rate ( * ). As discussed above, potential output is assumed to be observed and is constructed using a multivariate filter approach (Blagrave et al, 2015) . This shows that at the peak of the crisis, the output gap was -5.7 percent of GDP, but was close to balance as of early 2019. The other two variables - * and *are estimated using a Kalman filter.
For Portugal, * remains largely stable over the pre-crisis period, varying between 0 and 0.5. But falls steeply from 2010 to around minus 1 in 2019. This is consistent with the view that the natural rate -the interest rate required to maintain a closed output gap and stable inflation -is pro-cyclical.
During a downturn, when the economy weakened, a lower interest rate is needed to support economic activity. The steady-state value is assumed to be 0.5 percent, which is where the natural rate will converge to in equilibrium. However, the standard deviation of * estimated in the Bayesian framework is low (0.03), suggesting that it could remain subdued for many periods. 
Historical Shock Decomposition
The Kalman filter can also be used to 0.10 0.00 0.00 REER gap 0.07 0.07 0.10 Fiscal multiplier 0.25 n/a n/a Financial stress index (FSI) 0.51 n/a n/a Lag on fiscal multiplier 0.80 n/a n/a Lag on FSI 0.43 n/a n/a 
